Mimar Sinan served as the chief architect from 1538-1588 in the Golden Age of the Ottoman Empire. He was responsible for the design and construction of over 470 buildings of different sizes and functions. Unfortunately, Sinan's methods of shaping, sizing, and construction are unknown since no records of his design principles have been found; however, the simultaneous construction of many buildings throughout the empire suggests that he used a common method, especially in the design of simple buildings of similar size and shape. In this study, The Ferhat Pasha Complex in Çatalca, İstanbul has been chosen as an example to investigate Sinan's design principles. In the first phase of the study, the compatibility of the examined building's plan with the methods known to be used in different civilizations, like quadrature, golden ratio, grid system, etc., were investigated, revealing that the sizes, forms, and locations of buildings in the complex are in accordance with a modular grid system which was created with zira, an Ottoman unit of measurement. In the study's second phase, the stages in the emergence of building design were shown by the inductive method. This system also played an important role in estimating the cost of the buildings and, tracing the outlines of the plans to the ground in cases where the designer cannot be found personally.
INTRODUCTION
For many civilizations, we can learn their structural design principles from written sources (Alberti, 1485; Palladio, 1570) , but this is not true for the architecture of the Ottoman Empire or its greatest architect, Mimar Sinan. The oldest documents that describe Ottoman architecture consist of a limited number of plans, sketches, and estimation reports and can be found at the Prime Ministry Ottoman Archives and the Topkapı Palace Museum Archives (for documents, see : Altan, 1936; Ünsal, 1963; Erdenen, 1965; Necipoğlu, 1986) . The only drawing we have from Sinan is among these documents and is the estimated project of the Kırkçeşme Water Supply System. If we depend on this document alone, it is impossible to understand what Sinan's architectural drawings looked like or which methods he used in his designs. So far, although many groups have studied Sinan's architectural style and the plan typologies of his buildings (for the bibliography of works related to Sinan, see : Batur, 1968; Ödekan, 1988; Mülayim, 2011) , there are few studies that try to identify his design principles (Kuran, 1973; Söylemezoğlu, 1986 Söylemezoğlu, , 1988 Arpat, 1986; Cantay, 1986; Sönmez, 1999; Tuncer, 1999; Erdem and Özakın, 2006; Tuncer, 2008 Tuncer, , 2010 Alioğlu and Orbeyi, 2011; Eilouti, 2012) . These studies, which are based mainly on architectural analysis and reviews, aim to identify Sinan's system via the methods that were used by different civilizations throughout history on Sinan's constructions. In these studies, most of which focused on monumental mosques, whether Sinan used systems like quadrature, abjad calculation, the golden ratio, nine square grid (9SG), and grid in his designs was examined through studying Sinan's mosque projects.
In imperial mosques, where Sinan showed all his skills with the desire to achieve unique and magnificent designs, he may have used particular systems for each structure. However, it is likely that Sinan used a common method in his designs during the period in which over 470 buildings were designed and Sinan was very busy with the imperial mosques 1 . This method also should be easily applicable and repeatable in order to minimize the problems that may occur during construction. In this study, building on this idea, the presence of a system that could have been used in the design process of the Sinan's Ferhat Pasha Complex (kulliye) is examined and it has been determined that complex design was made according to the modular grid system which was created with zira 2 .
Abdal Ata Bektaşi Tekkesi in Çorum is the oldest plan that shows the usage of this universal order in Ottoman architecture is from the early sixteenth century (for documents, see : Ünsal, 1963; 1 Sinan was personally involved in the construction of the buildings in Istanbul, but also directed, on site, some constructions within the region from Edirne to Izmit. The constructions that are away from İstanbul were built by a journeyman or local architect according to the project, which was designed by the corps of royal architects. 2 The unit of measurement used by Ottoman architects. One zira is appoximately equal to 75,7738 cm in the metric system (Arseven, 1950) . Necipoğlu, 1986) 3 . However, we don't have any evidence that Sinan used this system; few studies have examined the modulation and / or grid system used in Sinan's mosques (Arpat, 1986; Çamlıbel, 2000; Kuban, 2007; Tuncer, 2008 Tuncer, , 2010 Alioğlu and Orbeyi, 2011; Orbeyi, 2016) . This study is differentiated from similar studies in the following ways:
 This is the first study that shows the overlap between the grid and modular systems based on zira dimensions.  In this study, the whole complex, including its land, was analyzed according to defined systems, which is different from similar studies that analyzed the mosque alone, even if it is a part of the complex.  In this study, the effect of a defined system on the preconstruction planning process of the building is questioned with a cause and effect relationship, which is different from similar studies that examined only the architectural projects of buildings.
Finally, the modular grid system that was created by zira dimensions has been determinant in the planning of the buildings that constitute the complex and also it provides convenience for pre-construction preparation processes, such as cost estimation and application. This system is also believed to provide advantages for the correct transfer of the project to the land in projects where the designer and the practitioner are different people.
METHODOLOGY
In this study, the planning process of the Çatalca Ferhat Pasha Complex, which was chosen because it is a state mosque and is in close proximity to our region, was examined in two stages. The first stage was conducted according to the deductive method, since there is no document that describes the building's construction process. By comparing this building's construction with systems that were used by different civilizations throughout history, it was determined that the design (with its land) was formed according to the modular grid system. In this stage, the effect of this system on the structure's planning process was questioned over the buildings that constituted the complex, and the obtained data were presented with plans and sections. In the second stage, the possible emergence stages of the design were reexamined with the inductive method, depending on the modular grid system and presented with drawings. Figure 1 ) after Pasha's death. The memorial mosque in Çatalca is a part of a complex. The land of the complex is located on a fairly steep slope and has a six-sided irregular polygon form, which was bounded on the east and the south by streets and the north and west by neighboring parcels (Figure 2 , 3). The complex, which consists of a mosque, an elementary school, and a public fountain, has hitherto kept its classical view despite two restorations (in the 18th century and between the years 1968 and 1970). 
FIRST STAGE OF PLANNING PROCESS: DEDUCTION
In this stage, the complex was measured and the plans were updated. Based on the analytical studies that were done on the plans, it was seen that the dimensions of its land and the buildings that constitute the complex could be defined by zira, and so the complex was examined by a zira grid system. The public fountain that is a part of the complex was designed independently from this system because it is parallel to the west-angled land wall. Also, the fountain (shadirvan) was not analyzed in this study because it had substantially lost its original identity.
Mosque
The mosque, which is the main building of the complex, has a single dome and a square plan. Its triple-domed inner portico, which is adjacent to the northern wall of the mosque, is raised on columns with muqarnas capitals. The outer portico, which surrounds the inner portico from three directions, is covered with a slanting wooden roof that is carried on by columns and pilasters with lozenge capitals. The simple prayer hall is symmetrical, with two-tiered windows that are similarly located in four directions. The axis of symmetry is even more emphasized with the gate, mihrab, and niches, which are located between the windows. The 9.00-meter dome is supported by four pendentives rises on a blind octagonal base. A muqarnas-galleried minaret is adjacent to the western wall of the mosque (Figure 3 ).
The outer dimensions of the prayer hall are 11.40 x 11.40 m, equivalent to 15 x 15 zira. When this square space is divided into 15 equal parts horizontally and vertically, a zira-spaced grid system is obtained. This system defines:
 The outer boundary of the prayer halls' walls (15 x 15 zira).  The outer boundary of the inner portico (5 x15 zira).  The outer boundary of the outer portico (5 x15 zira; Figure  4 ).
The spaces that constituted the mosque and the mosque's borders can be described with this system. The walls are 1½ zira thick, whereas the arches located in the inner and outer porticos are ½ zira thick. According to these measurements, the system that is obtained when we divide the grid system into ½ zira units in the horizontal and vertical planes can define the location and approximate dimensions of the building elements.  Building elements' (door and window) location and size (door is 2 x 1 ½ zira, windows are 1 ½ x 1 ½ zira; Figure 5 ).
 Approximate boundaries of the base area of the minaret ( Figure 5 ). The minaret cannot be defined only in the southern direction. At this stage, the spaces of the mosque can be defined with a 5 x 5 zira grid and its multiples. This size that can describe the whole building is the unit module. Accordingly, the prayer hall was designed in a total of nine modules, such that there are three modules in the horizontal and three in the vertical (a1-a9 in Figure  7 ). The inner portico, which is the same width as the prayer hall, was designed with expanded one module towards the northern direction from the mosque wall and three modules in the horizontal plane (b1-b3 in Figure 7) . Furthermore, the three domes, which are the same size in the inner portico, are located in three separate modules. The outer portico is located in seven modules that surround the inner portico (c1-c3 in Figure 7 ). According to this system, the prayer hall and porticos were designed in a total of 19 modules.
The modular grid system is also identified for the following sections (Figure 8, 9 ):  In the prayer hall: the heights of the main dome and arches, inner and outer cornices, altar, gate, and windows.
 In the inner portico: the heights of the domes, arches, and columns.
 In the outer portico: the heights of the wooden roof eaves, arches, and columns.
 In the minaret: the heights of the minaret top, spire, cornice, and balcony (Figure 8 ).
With the grid system, the size and location of building elements and spaces can be exactly determined in plan and section. Even though the modular system is descriptive for the whole plan, it can only define the height of the inner portico and minaret in section. 
Elementary School
The elementary school is located in the southwest corner of the land (Figure 2, 3 ) and its north and east sides are in the boundaries of the land. The school has a single dome and a square plan and its portico is covered with a slanting wooden roof, which is carried on three wooden pilasters. The indoor space is symmetrical, with double-tiered windows located on the top and bottom of the east and west walls. The entrance door is in the south. In the middle of the north wall, there is a stove surrounded by two niches on each side. The school has a 5.20-meter dome, which is supported by angular pendentive rises on a blind octagonal base. The western facade of the portico is a continuation of the courtyard wall and has a window ( Figure 10 ).
It is seen that the spaces of the elementary school cannot be identified by the full module; the grid system was decisive in its design. Accordingly, the grid system, in the plan:
 Defines the dimensions of the spaces-the outer dimensions of the indoor space is 9 x 9 zira, and for the portico is 5 x 8 zira.
 Defines the sizes and locations of structural elements-the thickness of the indoor space walls and western wall of the portico are 1 zira. The grid system, in the section:
 Defines the outer height of the dome-the indoor space of the elementary school is planned in a 9 x 9 x 9 zira cube.
 Defines the dome's arches and the dome's and portico's eaves (Figure 10 ).
At this stage, there is an association between the mosque size and the land size according to the study done on the location plan of the complex. The distance between the outer boundaries of the mosque's walls and the land border is one module in the south and two modules in the east and west. The modular system does not only determine the boundaries of the mosque, but it also plays a significant role in determining the location of it on the land ( Figure  11 ). 
SECOND STAGE: PLANNING PROCESS -INDUCTION
When the complex was built, a series of studies should have been made in contrast to the steps of the first stage. The possible steps that may have been followed in these studies made before the construction include:
1. Surveying the land 2. Transferring measured drawings to the grid paper 3. Determination of the module size 4. Design of the complex The technical preparations start with the selection of the land where the complex will be built. Following this, settlement to the land is the first step of design. As happens today, a sketch showing the topographic condition of the land is drawn. After completing all necessary investigations and drawing the sketches of the land, one proceeds to the design phase. Firstly, the measured drawing of the land should be transferred to squared paper. At this stage, it must be determined in which direction the grid lines will be placed, because that will affect the formation of the whole complex's design; the positioning obligation in the south-east direction of the mihrab (Qiblah) axis of the mosque is determinant on this decision. Therefore, the grid system's lines have been arranged in such a way that they are perpendicular and parallel to the southeast direction (Figure 11, 12a) . After this stage, the dimensions and forms of the buildings that are required to be in the complex and how these buildings should be positioned on the land will be decided. The mosque is the building that has a leading role in the design; the other buildings in the complex were planned according to the mosque. Therefore, the mosque's size, shape and location should be determined first.
There are many factors that determine/affect mosque design in Ottoman architecture: the patron's (bani) identity and requests, historical data, location and size of the mosque, boundaries and topographic diversity of its land, relationship between the mosque and the environment, and obligations required by its function (direction on land, forming of the covering elements, etc.). The buildings' locations will be determined while considering these limitations. The gathering of the community at the entrance of the mosque and the necessary space requirement for the other buildings in the complex caused for the mosque to be positioned in the southern half of the land, while the elementary school and fountain are located in the northern half of the land. After this step, grid paper should be used to identify the relationship between the land and the buildings' sizes. The fact that the dome is an important symbol in Ottoman architecture has caused its dimensions to be determined according to the patron's hierarchical significance; accordingly, the maximum size of a vizier mosque's dome is approximately certain 4 . The dome size of the Çatalca Ferhat Pasha Mosque (9.20 m) should have been determined by trial and error, like today, to be both within these boundaries and be suitable for the land's dimensions. After the dome size has been approximately decided, the module sizes associated with the land size should be determined.
The six-sided land, defined by the numbers 1-6, is at the same time located in a hypothetical rectangle ABCD. This rectangle, measuring 40 x 65 zira, can be horizontally and vertically divided by five ziras. In this way, modules that are 5 x 5 zira in size are obtained (Figure 11, 12b) . In this stage, it must have been decided that the obtained module size was suitable for the desired mosque's dimensions and the design must have been made according to this system. The module interval, defined by y7 and y8 lines, is where the complex's entrance divides the land into two equal parts in the northeast direction. The mosque is located in the south, whereas the fountain and elementary school are located on the north side of this module ( Figure 11, 12c) ; the mosque's outer portico is adjacent to this module. The mosque is located in the area that is described with the x3, x8 and y8, y13 lines and 5 x 5 module sizes (Figure 11, 12d) . The module interval that was defined by the x5 and x6 lines describes the mosque's entrance axis in the north-south direction; the second entry in this direction of the complex is located in this module interval too. The intersection of these module intervals, which defines the complex's entrances, emphasizes the mosque's entrance and center of the land. The elementary school is located on the east and the fountain is located on the west side of this module ( Figure  11, 12c) . Finally, the structural details of the mosque and elementary school were determined according to the grid system and the design of the complex has been completed.
AFTER PLANNING PROCESS
The modular grid system is decisive not only in the planning process, but also in the processes of estimation report preparation and transferring the project to the land. In Ottoman architecture, after the planning stage, to determine the approximate cost of the building, alternative estimation reports were prepared to give patrons the chance to choose among different designs and costs.
The remuneration of the work was determined according to the measure of zira. Accordingly, the material and workmanship could easily be calculated by just counting the squares on the plan, without using any measuring tool, in a project made according to the zira grid system. For example, the thickness of the Ferhat Pasha Mosque's walls are 1 ½ zira. The zira value of the walls could be calculated simply by counting the squares of the walls in the plan. When the gaps of the door, windows, and niches are removed from this measurement and multiplied by the unit cost, the cost of the construction of the wall could be calculated correctly and quickly. When piece works (such as columns, doors, windows, and mihrab) are added to this calculation, it is possible to obtain a highly reliable estimate in a short time. Because the size of the structure details could be determined in the planning stage, they can be pre-ordered, avoiding possible delays during construction (Necipoğlu, 2005) .
After the project chosen by the patron is approved by the sultan, it can be moved into the construction stage. This system also facilitates the transfer of the project to the land. In the working drawing (karname) of Suleymaniye Mosque, the application of the mosque plan was made with the help of stakes and ropes. By the method specified in the source, after the application grid had been marked to the ground, the master could determine the location where it should be and could describe to the bricklayer how to put up the wall in the size specified in the plan in the direction of the application rope. Points in the grid system are certain; therefore, it is not necessary to give another dimension to the bricklayer. At this point, the important thing is to be able to read the project correctly and explain it to the master in the right way.
A similar system must have been used in the Ferhat Pasha Mosque's design. The hypothetical rectangle ABCD that was formed in the land plan also makes the positioning of the modulation grid on the ground easier. According to this, the AD edge that is parallel with the grid system also overlaps with the east wall that was located in the x1 line. The application grid could be completed easily with width lines that will be marked in parallel and perpendicular to the x1 line.
With the marking of the numbers shown in Figure 10 into this grid through the help of piles, the outer boundaries of the mosque will be determined on the ground. The boundaries of the prayer hall are defined by the numbers 1-4, the boundaries of the inner portico are defined by 3-6, and the boundaries of the outer portico are defined by 7-10 ( Figure 13 ).
Similarly, in the elementary school, the indoor boundaries are defined by numbers 1-4 and the boundaries of the portico are defined by 4-6 (Figure 13 ). After this stage, the construction of buildings, of which their boundaries have been determined on the ground, can be done through simple explanations without any errors.
CONCLUSION
It is still unclear today how the hundreds of works designed by Sinan, which significantly changed the visual culture of the empire's geography, were mathematically handled, measured, visualized, and projected. This is a major shortcoming in terms of the definability of the architectural language we inherited. This study was conducted to solve this deficiency, specifically for the design process of the Çatalca Ferhat Pasha Complex. As a result of this investigation, it has been determined that building design was made according to a modular grid system, which was created with zira, and the system is determinative for pre-construction preparation processes, such as cost estimation and application. Also, it is thought that the described system is advantageous for the accurate transfer of the project to the land in cases where the designer cannot be found personally. According to this:
 The module size is particular to this structure and was determined in the first stage of design and depended on the size of the mosque, which is the main building of the complex, and the land.
 The module was used to determine the size of the mosque and its position on the land.
 The module is also the identifier for the height of the inner portico and minaret in section.
 The grid system is the identifier for the sizes and locations of the building elements, such as walls, arches, and columns, in the mosque and elementary school.
The data obtained from this study are clear enough to leave no room for any doubt. Undoubtedly, the studies which will be done in this direction will ensure that Sinan's designs are better understood in the future.
